Petroleum hydrocarbon compounds bind to soil components and are difficult to remove and degrade. Surfactants and emulsifiers can emulsify hydrocarbons enhancing their water solubility, and increasing the displacement of oily substances from soil particles.
Introduction
Bioremediation methods use microorganisms that occur naturally in the environment and degrade (mineralise) contaminants to less toxic or harmless products. Biological processes have been used successfully to remediate soils contaminated with petroleum hydrocarbons and their derivatives [9] . Several petroleum hydrocarbons can act as a source of carbon and energy for the growth of soil microorganisms.
Bioremeditaion has become an important method for the restoration of petroleum and other hydrocarbon pollutants from the environment [8] . It is considered an environmentally acceptable way of eliminating oils and fuel because the majority of hydrocarbons in crude oils and refined products are biodegradable, and hydrocarbons degrading microbes are ubiquitous [7] .
Petroleum hydrocarbon compounds bind to soil components and are difficult to remove and degrade. Bioemulsifiers can emulsify hydrocarbons enhancing their water solubility and increasing the displacement of oily substances from soil particles [2] . For these reasons, inclusion of bioemulsifiers in a bioremediation treatment of a hydrocarbon polluted environment could be really advantageous. In situ flushing with surfactants and cosolvents recently has been emerging as a successful means of remediation of contaminated soils and groundwater.
In consequence, biosurfactant and other natural emulsifying agents are important tools for biotreatment of a hydrocarbon polluted environment [4, 10] .
This paper presents the results from study the efficacy of Ivey surfactant, combined with NPK fertilizer, as biostimulating agent to oil hydrocarbon biodegradation under different experimental conditions.
Materials and methods

Microcosms assays
In these experiments, three types of soil have been studied; clay soil whose composition is 80% clay and 20% sand, sandy soil composed of 80% sand and 20% clay, both of these were contaminated in the laboratory with 20000 mg/Kg of diesel. The third one was a franc-clay soil composed of 36% clay, 33% sand and 10% slime; it was contaminated at source and provided by AG Ambiental.
Flask microcosms were performed in a 500ml Erlenmeyer flask, containing 250 g of uncontaminated soil (sandy and clay) + 20,000 mg/Kg of diesel and 50 ml of water (to keep the moisture). They were incubated a 28ºC for 14 days. Assays of franc-clay soil contaminated at source were measured at 28ºC for 14 days but without addition of diesel.
Soil microcosms were built in cylinder flask of 22 cm diameter and 10 cm deep with 4 Kg of soil and they were incubated at room temperature for 21 days. Each experiment was tested weekly.
All the soil samples (except control samples) were amended with 0. and PAH's from contaminated soils, bedrock and the groundwater table. This surfactant was added to the flask microcosms and soil microcosms at a final concentration of 5.2 µl/100 g and 520 µl/100 g, respectively.
Enumeration of culturable bacteria in soil
Three replicate samples from each microcosm treatment were withdrawn every week for enumeration of aerobic heterotrophic bacteria and oil degrading bacteria. 0.1 ml of serially diluted soil samples were plated in 1/10 diluted Trypticase Soy Agar (TSA, Difco). Degrading bacteria were counted in 1% hydrocarbon trypticase soy agar. Triplicate plates were incubated at 28ºC for 48 h before the colonies were counted.
Biological activity
Dehydrogenase activity was determined by the reduction of 2,3,5-tryphenylterazolium chloride (TTC) to tryphenyl formazane (TPF). Ten ml of TTC solution (1%) and 1 ml of distilled water were added to 10 g of soil samples mixed with 0.1 g of CaCO 3 . After 24 h incubation at 25ºC, the reaction product, TTF was extracted with methanol and the absorbance measured at 485nm.
Soil samples for the respiration test were incubated in a closed vessel at 28ºC [5] . The CO 2 produced was detected by gas chromatography (Varian Star 3400 cx, with TCD Detector)
Hydrocarbon analyses
Total petroleum hydrocarbons were extracted from the soil samples with a mixture of hexane: acetone 1:1 (v/v) and determined by gravimetric analysis according to Aguilera-Vázquez et al. [1] .
Analysis of each hydrocarbon fraction were performed from the extracted fractions above mentioned using a Hewlett-Packard 6890 GC system equipped with a HP-5-MS-capillary column (30 m×0.32 mm I.D.). Helium (1.6 ml/min) was utilised as carrier gas. The determinations were performed using the following temperature program: 40°C held 1 min isothermal, heating rate 4°C/min up to 310°C, final temperature held for 1.5 min. Injector and detector temperatures were 250°C and 300ºC, respectively. N-alkanes and PAH were detected using a mass detector 5872 (Hewlett-Packard) and a library utilized was Wiley 275.
Results and discussion
Microbial activity was evaluated following growth of heterotrophic and degrading microorganisms, dehydrogenase activity and production of CO 2 (respiration test). Figure 1 shows growth of heterotrophic and degrading microorganisms in Erlenmeyer flask microcosms treated with NPK fertilizer and NPK plus Ivey surfactant. In respect to the control experiments (without addition of any nutrient), treatment with NPK fertilizer or with NPK + Ivey surfactant enhanced microbial degrading populations in both sandy and clay flask microcosms contaminated in the laboratory (fig 1 B and D) . However, no significant differences were found in flask microcosms with soil samples polluted at source (fig 1 E and F) . It seems that in these microcosms, microbial populations were already adapted to oil hydrocarbon pollution.
Figure 1:
Number of total heterotrophic and degrading bacteria in flask microcosms.
Stimulation of microbial populations was correlated with high values of dehydrogenase activity and CO 2 production measured at the end of experiments. These parameters showed a remarkable biological activity in microcosms polluted at source (Table 1) . On the other hand, when Ivey surfactant was added to flask microcosms, the percentage of moisture was higher than in microcosms treated with NPK alone. Moisture is an important variable in soil habitat, it controls soil oxygen levels by competing with oxygen for soil pore spaces and microorganisms require water for proper growth [11] .
Yields of hydrocarbon degradation can be evaluated by determining total amount hydrocarbons (TPH), aromatics and alkanes present in the soil samples but also by identifying the indices nC18/phytane and pristane/nC17 and the percentage of prystane and phytane. Changes in these indices were used as biomarkers of degradation processes hydrocarbons [6] . Gravimetrically TPH determination (fig 2) has shown that % of TPH remaining in treated microcosms was always lower than in those non-treated. Also, Ivey surfactant augmented the amount of hydrocarbon removed in both clay and sandy soil. This seems indicate that addition of surfactant and inorganic fertilizer (NPK) could play an important role as a biostimulating agent at the beginning of the bioremediation process. CG/SM analyses have shown changes in hydrocarbon composition related to the rate of biodegradation. Table 2 summarizes the results of flask microcosm assays. The data obtained indicated that microcosms treated with Ivey had the highest level of biodegradation. Thus, in sandy and clay flask microcosms C 18 /Phy rate and % Phy were reliable correlation indices. However, in flask microcosms containing soil samples contaminated at origin,C 18 and C 17 fractions were not detected and consequently the best correlation indices were % Phytane and % Pristane. Obviously, under these experimental conditions it could be suggested that the oil biodegradation had already begun. In soil microcosms (figure 3), addition of nutrients (NPK) and surfactant stimulated both heterotrophic and degrading microbial populations at a similar rate to what was previously mentioned in relation with flasks microcosms. In the same way, results of biological activity showed higher values of dehydrogenase activity and CO 2 production (Table 3) . However, this effect was not observed in dehydrogenase activity of soil contaminated at origin. Benton Number of total heterotrophic and degrading bacteria in soil microcosms.
TPH analyses demonstrated that TPH concentrations in sandy, clay and franc clay soils were not significantly affected by the addition of surfactant or inorganic fertilizer when compared with unamended soils (figure 4). But, as shown in table 4 the higher values of prystane and phytane percentages indicated a potential higher rate of biodegradation in Ivey clay microcosms. Furthermore, the C 18 /phytane correlation indices of NPK clay microcosm point to earlier microbial activity.
Hydrocarbon degradation in terrestrial ecosystems may be limited by the available water for microbial growth and metabolism. A decrease in moisture content results in a decrease of microbial activity, and rewetting cause a large and rapid increase in activity. Microcosms of soil polluted at origin shown lower efficiency in TPH reduction, this could be related with the lost of microcosm moisture (near 15% percentage) in respect with the initial value [11] . 
